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Detcted AID
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Schematic example of SMI High Dynamic Resolution: 
A)
B)
C)
Dz = 60 nm
Two identical objects
placed in the same axial
position do not allow any
High Dynamic Resolution:
Schematic vision of three
different diffraction 
image planes
Two identical objects
placed in a different 
axial position allow 
High Dynamic Resolution:
Schematic vision of three
different diffraction 
image planes
Two not identical 
objects allow 
High Dynamic Resolution:
Schematic vision 
of three different 
diffraction image planes
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Axial Direction (z) (nm)
-800-700-600-500-400-300-200-100-50 -25  0 25 50 100 200 300 400 500 600 700 800
Limit of SMI axial size resolution
(excitation wavelength λ = 488 nm)
D = 1600 nm
D = 1200 nm
D = 800 nm
D = 400 nm
D = 100 nm
D = 50 nm
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1)
D = 0 nm
0 nm
2)
D = 20 nm
20 nm
3)
D = 40 nm
40 nm
4)
D = 60 nm
60 nm
5)
D = 80 nm
80 nm
D = 100 nm D = 120 nm
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SMI FRINGE
x
x
x
Fringe barycenter
    position
Object barycenter
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Determination of size and topology of a MMC
                      (schematic example)
all the "elements" are labelled with
     the same spectral signature
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MMC
a.) Overall size Intensity
xyz
   size of MMC 
in x, y,z direction
D < FWHM
.b) Topology
each "element" is
  labelled with a
different spectral
signature (specs) 
specs 2
specs 3
specs 4
specs 1
specs 5
specs 6
xyz
xyz
xyz
xyz
xyz
xyz
Intensity
Spectrally discriminated SMI/SI registration , optical detection correction:
(x,y,z)
specs 1
specs 2
specs 3
specs 4
specs 5
specs 6
(xi, yi, zi)
Ri
Si
of the
element i
position
modulation contrast
size(x1, y1, z1)
R1
S1
(x2, y2, z2)
R2
S2
(x3, y3, z3)
R3
S3
(x4, y4, z4)
R4
S4
(x5, y5, z5)
R5
S5
(x6, y6, z6)
R6
S6
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Gene Expression Analysis by SMI-Nanoscopy I
Sequences s1,  s2, ......sn  labeled by different spectral signatures S1,  S2, ......Sn
S1
S2
S3
S4
S5
S6
S7
condensed, inactive
open, active
open, active
condensed inactive
somewhat open, somewhat active
open, active
 condensed, inactive
Assumed folding and activity pattern in nucleus
(assumption o < optical resolution e.g. < 100 nm)/
 open, active
a)
b)
n = 2  - 1 combinatorial labeling N
A.V. Failla and C.Cremer
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Gene Expression Analysis by SMI-Nanoscopy II
S1
S1
S2
S2
S3
S3
S4
S4
S5
S5S6
S6
S7
S7
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conventional
microscopy
SMI-Nanoscopy
20 nm
40 nm
85 nm
150 nm
since     << optical
resolution, no change in 
conventional diffraction 
pattern observed
Disturbance of
SMI-interference
pattern by object
allows size determination
Nucleus with 2 x n labeled gene sequences
distance SiSu < optical resolution 
A.V. Failla and C.Cremer
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Gene Expression Analysis by SMI-Nanoscopy III
Observation Volume SMI: 1.5 x 0.3 x 0.3 µm  = 0.14 µm
Volume of nucleus: ~ 500 µm  (lymphocyte) 
several hundred labeling sites distinguishable and identifiable by spectral labeling
e.g. N = 7 n = 2  - 1 = 127 diferentially labeled gene sequencies
Application Cell-by-Cell Analysis of Gene Expression Pattern
condensed, inactive  (example: 0 = 40 nm)
half open, somewhat active  (example: 0 = 85 nm)
open, fully active  (example: 0 = 150 nm)
Multiple expression pattern can be studied in a light optical direct and fast
way in tissue section on a cell-by-cell basis using conventional object slides
3
3 3
7
A.V. Failla and C. Cremer
oqpsrutLv:w¨Î
x çy
w1¡LwOw]}Lvew1e:psu¡ép¡
zL|
h>~p]veue]GÏeLw~:pﬁwL~Lw
øx
&
v:prp¡p}w)­
 
¯>v:
 
x
Jv
x
Jv
x
?
x
?âvew~wv
x
Gene Expression Analysis by SMI-Nanoscopy IV
Cell-by-Cell Analysis of Gene Expression Pattern
Observation Volume SMI: 1.5 x 0.3 x 0.3 µm  = 0.14 µm
Volume of nucleus: ~ 500 µm  (lymphocyte) 
several hundred labeling sites distinguishable and identifiable by spectral labeling
e.g. N = 7 n = 2  - 1 = 127 diferentially labeled gene sequencies
Multiple expression pattern can be studied in a light optical direct and fast
way in tissue sections on a cell-by-cell basis using conventional object slides
3
3 3
7
A.V. Failla And C. Cremer
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